Summary &mdash; Four experiments were conducted with adult cockerels to determine digestibility of amino acids, starch digestibility and true metabolizable energy in ground raw (RJB) and extruded (EJB) jackbean seeds. Three feeding methods were used: ad libitum feeding, dry and wet force feeding.
INTRODUCTION
Canavalia ensiformis, the &dquo;Jackbean&dquo; (JB), is a legume adaptable to a wide range of agronomical and climatic conditions. Yields of seed as high as 4t/ha have been reported by the National Academy of Sciences (1979) in tropical countries. The proximal chemical composition of JB seeds has been studied (Leon et al, 1989) and it appears to be suitable for monogastric animal nutrition: ie (% dry matter, DM) 31.3% of crude protein (N x 6.25), 35 .7% of starch, 20.1 % of cell wall, 3.5% of lipids and 3.0% of ashes. Its composition is similar to that of field beans. Its amino acid composition shows low content of lysin and sulphur containing amino acids.
However, JB is known to contain several toxic and antinutritional factors. The best known is concanavalin A (Con A), a lectin (Hague, 1975; Liener, 1986) which has been reported to interfere with nutrient absorption (Jaffe, 1980) . Canavanine, a structural analogue of arginine, is present in the seed at more than 3.0% of DM (Rosenthal, 1972 ; Leon et al, 1989) . Canatoxin has recently been identified as a non hemagglutinating toxic protein distinct from concanavalin A (Carlini and Guimaraes, 1981 ) .
JB seeds are of poor nutritive value unless heated (Borchers and Ackerson, 1950) . Regarding the nutrient bioavailability of this seed very little is known (Liener, 1986) . Practical experiments on broilers and laying hens show a severe reduction of food intake, growth rate and feed conversion for dietary levels as low as 10% raw JB seeds (Montilla et al, 1981; Vierma and Montilla, 1983; Vierma, 1984; Carabano et al, 1985; Leon et al, 1989) . Partial detoxification by heat treatment of the seeds, mainly by autoclaving (Montilla et al, 1981; Vierma and Montilla, 1983; Vierma, 1984) has been reported. D'Mello measured the metabolizable energy (ME) content of JB seeds soaked in water and autoclaved and reported an average value of 2 850 kcal/kg DM in chicks (D'Mello et al, 1985) .
Four experiments were conducted to determine the digestibility of amino acid and starch and the metabolizable energy content of raw and extruded JB seeds. Our goal was to determine whether or not JB seed represents a real potential for poultry nutrition before proceeding to a detailed study of its toxicity (Leon et al, 1990, un- published results). (Yoshida, 1972 Metabolizable energy values ME (exp [1] [2] [3] [4] Table III shows the effect of JB level in the diet on food intake. Both EJB and RJB induced a severe food intake decrease when its concentration in the diet was higher than 10%. This is the major toxic effect of JB on birds. Table IV shows the influence of the inclusion level on ME determination.
MATERIALS AND METHODS
At low inclusion levels (10%) the residual error of the mean calculated for JB ME values is large, 363 kcal/kg DM (table IV) . This illustrates the difficulties usually found in assaying the ME value of a toxic feed ingredient such as JB. (Sibbald, 1982) .
The force feeding experiments gave results consistent with the 30% level of exp 4 (table IV) , namely, 2 500 kcal ME/kg DM for RJB and 3 000 kcal ME/kg DM for EJB. However, in exp 2 when JB samples were force fed alone, this led to higher ME values (2771 vs 3183 kcal/kg DM for RJB and EJB, respectively). In all cases the difference between raw and extruded Jackbean ranged between 400 and 600 kcal ME/kg DM.
DISCUSSION
The above results confirm the high potential nutritive value of JB seeds after heat treatment. Extrusion improved the amino acid digestibility by 20%, the starch digestibility by 30% and the ME values of JB seeds by 500 kcal ME/kg DM. D'Mello et al (1985) measured a ME content of 2 850 kcal/kg of autoclaved JB seeds which is within the range of our results between RJB and EJB. The nutritive value of extruded Jackbeans is similar to that of the field beans (Guillaume, 1978; Lacassagne et al, 1988) . In general, seed legumes having no major lectin toxicity, such as field beans, show a large improvement in digestibility following heat treatment (Guillaume, 1978; Lacassagne et al, 1988; Conan & Carr6, 1989 (Jaffé, 1980; Liener, 1986) , inhibition of the activity of enzymes of the brush border of enterocytes (Rouanet et al, 1983) and/or by interaction with the adherence of enteric bacteria to the intestinal wall (Jayne and Williams, 1973) . A precise evaluation of the nutritive value of a raw material (such as Canavalia) containing antinutritive factors raises some specific methodological difficulties (Picard et al, 1985) . In this case, the ME determination should be accompanied by other analyses such as digestibility of nitrogen after uric acid elimination and starch which usually yield more precise values. Also, when using force feeding or ad libitum feeding with low food intake, there are other factors that may affect the accuracy of the results such as: the use of abnormally high concentrations of the raw material in the diet (Lessire et al, 1985) , or variability of the correction factors (for endogenous losses or/and nitrogen balance). All these factors should be taken into account for the correct interpretation of the results.
The variability of the ME results reported in The observed effect of extrusion on the ME content of JB seeds can be further discussed taking into account the measured digestibility values of starch and crude proteins for RJB and EJB, the gross energy content of starch (4.1 kcal/g) and the ME content of digestible crude protein (4.3 kcal/kg).
A theoretical calculation of the difference of ME concentration between EJB and RJB based on major nutrients (starch and proteins) could be: ME extrusion effect: where:
4.1 = gross energy content of starch (kcal/g); 0.96 = digestibility of starch from EJB; 0.652 = digestibility of starch from RJB; 357 = starch content is JB seed (g/kg DM); 4.3 = ME content of crude protein (kcal/g); 0.915 = digestibility of crude protein from EJB; 0.793 = digestibility of crude protein from RJB; 313 = crude protein content of JB seed (g/kg DM).
The result (614 Kcal/kg DM) is slightly higher than the directly measured ME differences between EJB and RJB which vary between 412 and 595 Kcal/kg DM (table IV). Extrusion improves the ME content of JB primarly by improving the digestibility of the starch fraction (73% of the effect).
